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(57) Abstract 

PROBLEM TO BE SOLVED: To provide a method for 
easily nrianufacturing an element structure which has a 
plurality of vertical MOS transistors, arranged in a 
vertical direction to a substrate surface and connected 
in series. 

SOLUTION: A silicon oxide film 42, a potyeJBcon film. 
43, a silicon oxide film 44, a potysiBcon fflm 45, a 
sificon oxide film 48 and a porysflteon film 47 are 
formed sequentially on a substrate 40 having an n type 
source/drain diffusion layer 41 formed therein. The 
laminated ffims 43 to 47 are then subjected to an 
inland-shape patterning process. The fflm laminates 43 
to 47 are next formed therein with an opening 50. Next, 
a gate insulating film 51 is formed on a side wall of 
the opening 50, and then the opening 50 is buried with a 
porysflcon fflm 52. An n-type source/drain diffusion 
layer 53 is formed above the porysiBcon film 52. 
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[0015] 

First, a silicon oxide film 11, a poly silicon film 12 which becomes a gate 
electrode, and a silicon oxide film 13 are formed sequentially on a silicon substrate 10. 
The silicon oxide films 11, 13 are, for example, an Si0 2 film. Then, a photoresist 
pattern 14 having a pattern defining a gate region and a silicon column region of a 
transistor is formed on the silicon oxide film 13 (Fig. 1 (a)). 

[0016] 

Next, anisotropic etching is performed on the laminated films 13 to 11 in this 
order using the photoresist pattern 14 as a mask, and the pattern of the photoresist 
pattern 14 is transferred to the laminated films 13 to 11. Then, an n type diffusion 
layer 15 is formed on a surface of the silicon substrate 10 under the laminated films 13 
to 11 (Fig. 1 (b)). Next, a silicon nitride film 16 whose upper surface is higher than the 
silicon oxide film 13, and which covers the laminated films 11 to 13 and serves as an 
element-isolation film is formed on the entire surface. The silicon nitride film 16 is, for 
example, an Si 3 N 4 film. 

[0017] 

Next, the height of the surface of the silicon nitride film 16 is reduced until the 
height of the surface of the silicon nitride film 16 becomes the same as the height of the 
surface of the silicon oxide film 13 so that the surface becomes flat using grinding such 
as CMP or etch back (Fig. 1 (d)). 

[0018] 

Next, a photoresist pattern 17 is formed on the silicon nitride film 16 and the 
silicon oxide film 16 such that a central rectangular portion of the laminated films 11 to 
13 are exposed (Fig. 2 (e)). This photoresist pattern 17 defines the silicon column 
region (active region). 

[0019] 

Next, etching is performed on the laminated films 11 to 13 until the surface of 
the substrate is exposed using the photoresist pattern 17 as a mask (Fig. 2 (f)). As a 
result, an opening portion 18 having a rectangular shape or a cubic shape is formed. 



[0020] 

Next, a gate insulating film 19 is formed on the entire surface. 



[0021] 

Next, a protective film 20 which is made of polysilicon, amorphous silicon, or 
the like is directly formed on the entire surface (Fig. 3 (g)). 

[0022] 

Next, the protective film 20 and the gate insulating film 19 under the 
protective film 20 are removed at the bottom of the opening portion 18 using anisotropic 
etching (Fig. 3(h)). Next, after the protective film 18 is removed, a silicon film 21 
which becomes the silicon column (active layer) of the transistor is buried in the" opening 
portion 18 of the silicon film 21. At this time, the silicon film 21 which is thick is 
formed so as to cover the entire surface (Fig. 3 (i)). 

[0023] 

The silicon film 21 may be of undope, n type, or p type^ However, in the case of 
an n-type channel, the silicon film 21 of p type is generally employed. 

[0024] 

At last, an n-type diffusion layer 22 which becomes one of a source and a drain 
is formed on an upper surface of the silicon film 21 using ion injection method. 
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[Masai i **f*»flLbtc. b^trji^mmm 

£ *> 1 ~z>&>±3&J&? *XH t , 

tmik l x »p»*#jiw- *xa <b ; 

C ©**»»©±W«: * 2 OS£SE0iS *J&1&? Z> XH <!: 
[0 00 1 ] 
[0 002] 

— ^tUtSGT (Surrounding GateTransistor ) 20 
ftfeihTl^. 'HI 2 KiaHTOSGT 
B (a) ^SGT^t4taia"C*^o £/c, (b) 
6119 (a) OSGT^jSA, A ' Sffi^MOcM 

[0003] c©sgt**b^hcc«£ot»wt*. 

*y, 'J3>lfi 1 2 0 ©*ffl«C p 8hjr * 12 1* 

acccps-?*^! 2 i &c*f utjI^cd h u> 

C£K<fcoT, S/»;3>ai2 24«JSEtS. 
[0004] ^C«C^- h*<b« 1 2 3"*^HCC»fiSUfc 30 

y- hM 1 2 4 i«c s# y a 

mi/, co^v^y^vg^R i Eftci^r^ftx 

^^>^-r-2>CitcJ:D S i1±l 2 20ffll®tc^- 

[0 0 0 5]*»CC % ^^->aA^0^-C % S^^Mfc 

JB1 2 5*JBJ5S-r<5. CO<fc^^SGT*SS^®tCft 
iS«C^IoI{CiS5U««-rSC<S:K:J:<3; ifNANO^: 

y-&;i'**«6ft&. cn^i^T^fct^y^tti 2 
2tcst^i»it$nfc^a<D^- h^iffii 2 4^-r 40 

[0 00 6] U*U«ca&sJ&, c©J:5tt«fi**Bf4 

2>Ct ttffi8t-C£> * & l> 9 W«3&s* o 7c„ 
[0007] 



*iaw»ttbrtt^aii:NANDffly*';'fe^«:»flE-r 

-5 C <t i t > 5 RWdS £> o /c. 
[000 8] *«W»±E»««:#a:bT36cSnfcfe<D 

iMOS K^>:V^^«rii:5U»«UTa6c-5*^«Jfi*S 
[0009] 

*0>tt< i *> 1 o«±»fiM-*xai, C<D«J1M*B 
£-Cx * ^*LTHP«4JB 

[0010] *«B8<0*it«tt»W3:JiaT©a"3 -e* 

a. 

( 1 ) mmmtcwm^ *->&mimmm& frmuK^ 

^*->**T*WP«*»J5S;rS4, 
^KcDJBH^H^iSOKSaMOS h^>^dr (SG 
T) «R«-C#-5. 

(2) ««BlK:3Fm^^5r-->3&s«rSBMJ!l*»Kr-S^< 
*->**T-5HP»«&flfr&£; &iPW9<DtB*trS] 

o»Ati'tf. ■UB«o««rtir&-2o©HK:*n-e i ti« 

(3) y-bte8UgiU"C, y'J^yij 
NDMEE PROMCD^^r V *&)\'&J&1$rC& 2> 0 £/c, 

y- hilgil/t, aarafMemvcfejftr*. to 
[0011] (ft«> «»©«»&Brctt. 

^JSb/c&Cc. *OJBHCcEt»«:Wl««cJ:0EC»«:» 
[0 0 12] £ft«C#OT*»9rW*, «-s\ 

5 0 ^ccc*»9irtt. ±:iBa®Jfl*S«^M«:^-r-5H 
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PS«BfiJtU U&2>'&* c©HPSSrt**3MW± <r£ 
[00 13] C(DJ:^«:*:^WK:J:^{i. 

■casc&ia«Ga»«>«asMo s f ^>^x * 

[00 14] 

(Ifl 1 cr>|gfiSfl£f&) H 1 ~S 3 « % #:$m<Dm 1 ^JfeJf£ 
gtCKn^t^Sih7^^ (SGT) <DM& 

[0015] ^^te^SScDSJS^ffiO^^, 

B) *»J5S-r-SCi«:*S. *f..2/ya>ilRl0± 
ccs^yavBMbBli l. blii^cS^'J^V 

j® i2. >- v =3 >&uta i 3 zm'X5&f&-?2>. uv^> 
mitmi i. i 3tstfJ*i*s i o,'Bt-ca>&. ceo?*. 20 

>s<tjsi 3_bcc7giarr& (hi (a) ) „ 'ccm 

[0016] * b IsisX F^"£ — > 1 4**^*^ 

6cflH»-c, S1B13-1 1 *c©JlHtc^:£t£x^> 
^0, 7 * h F'*£ — > 1 4GV*# — >*^JS^ 

13-1 -f*>ttAffi*ffl^ 
T\ ^JIK 13—11 <DTffl<Dis V 3 1 0 C7>^lD 

tCnlffiftil 5**fiWT* (HI (b) ) . ^C6CJ: 
ffij&Sf y 3 >gtfi:J@ 1 3 J: 9 W< , AMR 1 1 — 13* 
S^fft^il£K£GT^>y:3>^{tJgl d«r*fflCC» 

jssts.(hi <c> > . s^y3>»bKi 6»w*«s 

[0017] ^tcCMP*<DW**fc»xy 

"C\ ->y zi>mtM l 6C£^®<DfgiII*-t±T. ^tMSr^ 

"wb-r* (Hi (d) ) . 

[0018] #cccM« 11-1 3CD**SP**B^K0C 
BfiiT-S/ca&tt:?* h U^X F'*£ — >1 7^>V3> 

mitm 1 6 4dct ~> y a >BtfbB 1 6 ±cc»aw- * (h 

2(e)). C<D7 * FU^ F^#-> 1 7tt* UV 
[0019] * Y F'** — > 1 7*^X£ 

cc/a^r, a««n*JBfflr* *-c«]bb 1 1-13* 

x?'f>y« (B2 (f ) ) . C'©»*. KfrttSO 
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[0020] yccc±scc^- fimhr 1 9 *»ssr*. 

tun gttiK^a-r^ (mis <f> > . juwwctte 

Lt:«, Office* yj^yn'>Bl*itao, c© 

* y u y 3 >«*wb***tt*\ f y 3 >HWb«j** 

[0021] »cc*ffltce»#y ->y 

Jl/7y"xvy 3>»*»6tt*fiSHIHI2 0«r«JSW* (H 

3 (*r) ) . cco<i:#, papssi 8^a«>ii*ntt^j: 

5K«fflR2 0tt«<J&SST*. C(DRSI2 0« S « 

[0022 ]-^«cR*tti ? ^>y»*ic»r . mam 

1 8©JS©«aW2 0 4a<fc^OT©^- h*&l£J®l 9 
*^*T^ <H3 (h) >. ;&CC«KKl 8*|&*0/e 

>Jg2 1 &MPSS1 8 rtKSifciAtf « C<D<t#, S/'J3 
>K2 1 tt*ffi«ra[9<fc^CCW< JBfiS-rs (H3 
< i ) )'. 

[0 02 3] C CT\ G=SR 1 8 ttSft^Ufc:**. Sibr 

ti?tRx f ^ ^ t/ 1 ^a^atc j: o ^> y 3 >ss i ojb 
[0024] sate, ^t>aAa*ffl^r^'j3>g 

30 12 2*^fiW^ ^H ( i ) ) o CCT, n^ffitSt^ 

2 2 V ^> 'J 3>K 1 2 i©^Offi»tt6 - 5 0 n m 

[0 02 5]ft4tf, nimi 5^>'Ja>I2 1 , 

naa*aR»2 2it/y3>ai2 ni^n-ensiwtctt 

2/ya>«2 1 i<0IB<0EWJt*iCC6 — 5 Onmlg 

Eirtn u/c^&cti, n iseaji i 5 i nmmm 2 2 « 

40 ^WCeofcj&i*. fj:fc v nlS;»Ji2 2*y-h^g 

[0026] iS/c, CCT)SGT*^»^&^^ey-te^i 
L-CWffl-T ^-Fte^JSl 9iUt, ^2 

[0027] a±jfi^/cJ: 5«:*Saii»JBK: J:ti«, V 
-httiM*«§12©±T*«Wl 1. 13T 

»4l»*Lt2/y3>il 2*aabiiOit^«ra«c^ 
50 mc&*}. SGT^fiTt^^<fc^(C^5, 



^iiNAND^E e promos* yru-f **ria 

~C<&£o 04 (a) l*¥®0* 40 (b) (a) 
©$fc1*A-A ' «®0~C#>£o CCrNANDSEEP 
ROMiti. MfbM*»bK©8IS*L **C>ttiMW 
- h ^^fsa^^tt^F E TMMO S U -fe-rt/ 

[0 02 8 ] 0*. 4 Oti^Vn^Sfi^rT^OT^O. 

v-x • fu<>»bw4 i<owaB»±«ctt-tti-en^ 
y =1 >BMfc«4 2 y y 3 >® 4 3 y n >mit 
4/#y 2^y 3>i4 5,/vy =3>«MbBU 6/# 

i;a>14 3, 4 5. 4 7 tt-t*v£ft« F ^>S*X*G> 

^- hs*t&4. j&it. cGD<fc5tt#y s^y 3>k 

[0 02 9] SJS^- F«Jfcb«C«, bro 

aw*- n»s*5cfca c -e<D±cc^fi£3nrc->y =i>^b 

■ 4 9r»E*tifc««©nIV-X- FU-Y>lfctWB4 

uttcra* cn^on sec* s^iiii 

[0 03 0] Bgf^2o©ffliy-h»@fcJ: 

&*:<D±ici&f$, £ n/o y 3 >mum 4 9 n/csi 
nrc^. ihp»3 0w:. s^y=i>a ibt 
3-ca<*a^*nrt^, niv-^- f u -y >i£ffcJi 5 
-X - FU>f>i£»JS4 1 iK^-r^Jr^cc^j^^n-c 

[0 0 3 1 ] fr*5. fy=i>BMfc*4 2. 4 4, 4 6 CD 
Jg^. nfflV-X • FU-OffifWIS 3 <b^y 3>E5 
2£4>HKDRttt2. <fcfc«C6-^5 0nmHtt©'h<£<HB 

KnSaEt!Ul*«J«L*c< i*>. nSSV-^ - F > 
fi£tW14 1 . 5 3P5tcmffi^Sfcn^o Ufc#-^r, n§S 

[0 03 2] ^CJCCflDJi^JCflhiSSn/O^&yisJKOil 

^yjm^-riimmmM. 0 9 ttia^{*£gE<z>»i& 

[0 03 3] S"S\ ^ya>»«4 0±CC5yy 3>M{t 
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i4 2, ^y^y3>H4 3 t i^y=i>BMb«4 4, * 
ys/y=i>Bl4 5, ^y=j>«Mb«4 6, #ys/ya> 

i47, J/'J3>I«UI5 4 (SJt^-F«*g> «rM% 
J^ffi-r^ (05 (a) ) o 
[0 034] C<D$8MX?. >?- F It <Z># y ^ y 

a>143. 4.5. 4 7tt, y =a >BMbBt 4 4 . 46 

$c<£ oT£i>tc#sg£n&. sKys^y3>K4 3 

it/yn>*«40«*y 5>y 3>«4 2CCJ:0»«3 

10 [ 0 0 3 5 ] » h 7>t?X^©y- f>ya> 
tt««*«3eT4ft:afE>07 * F Ut^X F>**— >5 5 * 
2xy=i>«MbJR5 4±CC»fiS-rS (H5 (aK 09 
(a) ) . CCtlt :?* FU^* F'<£ — >5 5<D^* 
05 (a) 0Ct^TJ:5^, xh7^^^- 

[0 0 36] ^CtC^^ F 5 5£^X^tCffiO 

7. 54^SSi7?>m. COl**, ffifl^- 
F*3642— 4 7. 5 4ttX F ^ :7«<DHJPBKCJ: 0 
20 frmZtiZ* ^CtCKHiUfca«aBB5CnH^«ft* F- 
^It, 'nffiv-* - 'FU-f >JttWB4 1 «:JBJSS-r-5 

(05 (b) ) o c cdxh-cx * ^ > y&k^ 2 ti-rttcm 

oM»JW3>14 3. 4 5, 4 7tt, FW6 
(9-Fg0 

[0 037] iXKiffi*^ y =i>BHbJ»5 4 J: 0 £>SJ 
<,.8Wy-F«364 2— ; 4 7. i 5 4^a^S^8Jg 
iLtOV'J 3>»bK4 8^:^ffi«:^fi£-r^ (0 5 
(c) ) .■ 

[0 038] ^CMPfOiB*/c«x -j v*?* 
30 ffiOT, S/y3>BMbK5 4©*HiiaOi»3CcttS* 

-c, t/y-=i>»bii5 4©aM<Daiis-&-c.-«ffi** 
Jg<b-r^ (05 (d) ) o 

[0 03 9] ^«C^yn>M<bll5 4*l»* ( (06 

(e) ) U i&^TX^--?- (x^^>^^^^) 

-&->y3>fi{tBl4 9**Bec*fltr* ( (06 

(f ) ) o ^ecF^>^x*©igtt«i«*«3e-rsyfc«> 

<D7*> F^dr->8 0«rt/y =i>^fcjg5 4Ji 

(09 (b > ) o 09 (a) , 09 (b) 2r> 

40 7* FU^F^'df"— >5 5CC»l>Taa«:Stt> 

[0040] ^CCC7 * h F^^r— >6 O^:^^ 

4cfflt»r, zj<y->y =3>jg4 7*ssHiT^$*c^y a> 

affci4 9«*lli??>m (07 (gr) , 09 

(c) ) . zco&m. s^y 3>B{fcBi4 8offlK«ct/y 

[0 0 4 1 ] ^CCCt^y 3>»fcB4 9 <X-^-*> *j«fc 
^>yn>S J fbJg4 8^:^^^tc^CiX, fififtffidSK- 
fflr * * -e®)l ^-h«S42-47?:x^>m 
50 (17(h)). C'<DiS«, X F^^^ttCD^nSPS 0 



06 (f ) . H'7 (fir) ©lit, W3>^{t 
[0 04 2] m l<D9mj&f&£m&<OJ*$->. 

si cc ia5a»« s n yfc 3 o o s g t s&s » 6 ti s . 

[0043] yctc^ODtclSl^y- h*feSK5 1 *J&5ST io 
4 3. 4 5. 4 KDm.W&WLitL-a&l&UX'b&ltK C 

>?- b&mm s i \*±mtci*j&f&stvr. ma 

S&5 0rt©^^>'J3>B4 3. 4 5. 4 7CD^®CD^ 

[0 04 4] ccr, x*f^ ? ^cct&fB£i2^.~c£<5 

>^X£<DO£0>ffi*3lfb;*t!\ F7>^*Ot*C> 20 
[0045] !®=&S!ltijl*^1-5^" httlttR 

[0 04 6] y-F*&«JB&5 1 3&i^U=i>HMtil/^y 

Rffrr*<Z>T\ EEPRQMttftj&SpJttCCttS. 
[0047] H»»BI5 1 ilt^lM 

< % F«acc«ff«PlinU «SW*««r»S3tt 

[0048] #CCC:£®K:# y V »; 3 VJfcfcttT*^:? r 
'j3>^6^6Sii5 6 £:£®$c?fcEX;*r £ (IU0 

( i ) ) . C<DfiHR5.6«. ftIIOi^>^ 
BR. HPSJ5 OrtO^- h$&St®5 i*si^>wn 
a t» <fc 5 *C<£® T -5 tcZb<D & <D-C $> Z> o 

[0049] ^cccs^ttx * ^>^s^fflOir. muu 

5 0'(DflBttetft<ZH»BIBI5 -6*5«tCfy- h«UHR5 1 * 

(07 (j) >«, *«cBBn«5 0*2^y 3>J^ 50 
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5 2«CJ:0a«>2it* (i8 (k) ) o C<0^'J=i>lR5 
2©±WttnHV-^ • FU-f >1MJ«5 3*5<fctftr* 

[0 0 5 0 0 '*XlC'(*ls&.X&mi<*Xi'V 3>i5 2<E> 
fflJBWS 3%*SW-& (RH (k) ) . nfflv-* • F 

u-oitfwas 3i*yi/ya>« (y- bma) 4 7 

iOIH'OKWi* Jbaufc<fc9CC6 — 5 0 nmetti'-i- ' 
-5. nSSV-X • F W>*0BW5 3*^- F* 

®4 7 iatt-SSftOSRStCJEjaUTtAt*. 
[0 05 1 ]*afC, nSS^*fi»3&5F-^SMfc#yi/ 
'j3>i5 3t^-->^lt. y— h*a(-7-F 

g (d) ).bi 1 cccoaHowaiatTsr. a*?. 

(cJ:0El»cc|ft«BlK:J:0»«Stifey-- h«84 3. 
4 5. 4 7»ffiLfci t ^PSiJ5 0rtCC->y3>j^ 

»0TSB#ftK:3ffl©tfHSMOS h^>5P***B3U 

[0053] 3 6frC, ;*3SJ6»«<D»S\ 4r*- h^t4 
3. 4 5. 4 7ttS/'j3>B(t/ , ;3>a) 5 2<£>J^H 
*(t*H*ai». y-MS4 3, 4 5. 4 7»S/'J3 
>K5 2©«*tfiJTS2'ffl«:»SRStiS. coe^, 1 
*«E>iK';V!;3>« (rS&M) 5 2tC«AlttCcafB3*i 

[0 0 54] 01 0CC, JttftWiOT. S£*<DNAND 
lEEPROMO^^y-fe^ORllli^to 3>ho 
-y-hCGi * J;c«**y- hFGi ( i = l — 
4) CD2®^- h»®^e>a^4OC0>^:V h^>^X 

[0055] cn640<0^'; y- 
h«as-G j . SG j ' ( j = 1 . 2 ) 3^e>a^2ocD 

iiKh^>t?x^tc^^nn^o n^»;33> 

»E1 0 0<O«B«:»RS3tifepl8'>*^»l 0 1<DSI 

SDk (k= 1 -7 ) 3WKfltSn-CC>S. fc*. 102 
tilfeJSJg, 1 0 3«t^9 F««T7SU-Cl»S. 
[0 05 6] h7>^X^*5<t^il^h-7>i^X 
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[0 0 5 7 ] i/c ^-t'J-b^OtSttaiUOtt^L-C. 

TZt, jt*V'te)l'<Dm\t2 L l/c^ot t 1 

>^»;-fe;KD£Wr^®S (-feJUMS) tel 2LX2L 
= 2 4 L* 

[0 0 5 8] cncc^fLr, ffi^ltCffio/cNAND 
ME E P ROM&c<fc*xW!, ^-CD-fe^MS^rJWTCDiiiD^ 

2L = 4L 2 frc*r^c<b^-c*^o ttmrno 

[0 059] Jfc«W©«fc5tt4 tT^ HiNANDl^ 

- hit, fe<D4m<D#VW) n>^£4 0CD>^'J h 
[0060] £c*J. *^«JilESI*fe^JSK:PSS$n^ 

[0 06 1 ] JbEWI«»TttEEPROMCD» 
A*sia:laSSflr©IBI»BI*fflt»SCiCCJ:0* D R AMCC 
j»»L«cl»«Hr; «*^orsi*r*c tablet? 

[0 06 2] 

IB 1 1 1 ODSOS^Cc^&tfi^MO Sh7 

[02] *£W§C!>» 1 CDH*fe^^S«:^^ffiMMO Sh7 
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[H3 ] 1 <DS06JB««:«S«SMO Sh7 

. [H4] **MOJB20S!16»JB«:«*»BffiMOS 
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